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TECHNICAL NOTE
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Summary  Scarf  osteotomy  of  the  ﬁrst  metatarsal  bone  to  correct  hallux  valgus  deformity  has
beneﬁted  from  a  number  of  improvements  over  the  past  two  decades,  most  notably  regarding
the internal  ﬁxation  method.  Internal  ﬁxation  was  deemed  mandatory  by  the  authors  of  early
case-series  studies.  Maestro  suggested  eliminating  the  proximal  screw  by  locking  the  two  frag-
ments distally:  a  notch  was  created  via  a  medial  extension  of  the  cephalic  part  of  the  osteotomy,
the plantar  fragment  was  displaced  laterally,  and  the  distal  end  of  the  proximal  fragment  was
then ﬁt  into  the  notch  (secondary  cut  and  interlocking  joint  technique).  To  further  develop  this
concept and  to  increase  the  potential  range  of  translation,  we  developed  an  original  technique
involving  distal  locking  without  shortening  and  proximal  stabilisation  by  impaction  of  a  cortical-
cancellous  bone  graft  taken  from  the  medial  overhanging  edge  of  the  proximal  fragment.  This
original  technical  variant  has  not  been  reported  previously.
© 2012  Elsevier  Masson  SAS.  All  rights  reserved.
tIntroductionScarf  osteotomy  of  the  ﬁrst  metatarsal  bone  followed  by
internal  ﬁxation  to  correct  hallux  valgus  deformity  has  been
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doi:10.1016/j.otsr.2012.07.008he  focus  of  many  technical  improvements  over  the  past  two
ecades.  In  1996,  Maestro  modiﬁed  the  technique,  increas-
ng  the  slope  of  the  medial  cortex  osteotomy  in  the  sagittal
lane  in  order  to  increase  stability  and  stiffness,  thereby
iminishing  the  risk  of  basal  fracture  [1].  Lateral  transla-
ion  is  the  main  displacement.  However,  scarf  osteotomy
lso  allows  many  other  displacements,  most  notably  medial
otation  of  the  head  and  supination  to  eliminate  residual
ronation,  which  is  among  the  causes  of  recurrence  [2].
nternal  ﬁxation  was  deemed  mandatory  by  the  authors  of
arly  case-series  studies  [1,3]. Maestro  advocated  eliminat-
served.
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Figure  1  First  longitudinal  cut  on  the  medial  aspect  of  the  ﬁrst  m
B. B.  The  ﬁrst  longitudinal  cut  allows  positioning  of  the  saw  accordi
Figure  2  A.  Cephalic  cut  directed  upwards.  B.  During  trans-
lation, temporary  lengthening  occurs.  C.  After  interlocking  of
the fragments,  the  metatarsal  recovers  its  initial  length.
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Figure  3  A.  A  stepped  notch  is  fashioned  (blue  arrow).  B.  Transla
stepped notch.etatarsal.  A.  Sagittal  view  and  representation  of  section  plane
ng  to  the  desired  dorsoplantar  slope.
ng  the  proximal  screw  by  interlocking  the  two  fragments
istally:  a notch  was  created  via  a medial  extension  of
he  cephalic  part  of  the  osteotomy,  and  the  distal  end
f  the  proximal  fragment  was  then  ﬁtted  into  the  notch
fter  lateral  translation  of  the  plantar  fragment  (secondary
ut  and  interlocking  joint  technique).  To  further  develop
his  concept,  and  to  increase  the  range  of  translation,  a
echnical  variant  has  been  developed  that  involves  distal
nterlocking  without  shortening  and  proximal  stabilisation
ia  impaction  of  a  cortical-cancellous  graft  taken  from  the
edial  overhanging  edge  of  the  proximal  fragment.  This
ariant  results  in  shortening  and  is  often  combined  with
steotomies  of  the  lateral  rays.
In  this  technical  note,  we  report  an  original  method  that
oes  not  result  in  shortening.  We  present  a  detailed  descrip-
ion  of  this  technical  variant  of  scarf  osteotomy  without
nternal  ﬁxation.tion  of  the  lower  and  plantar  part  of  the  metatarsal  into  the
Scarf  osteotomy  without  internal  ﬁxation  to  correct  hallux  valgu
Figure  4  Creation  of  a  dovetailed  notch  at  the  proximal  part
of the  plantar  fragment  to  allow  interlocking  of  the  proximal
plantar  part  of  the  osteotomy.
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Figure  5  A.  The  distal  and  superior  part  of  the  fragment  exposed  b
and turned  over.  C  and  D.  The  fragment  is  then  impacted  intramed
the cortex-on-cortex  contact  zone  that  precludes  conventional  screw
surrounded by  the  dotted  line)  by  intraoperative  ﬂuoroscopy;  the  frs  923
escription of the technique
his  technical  note  discusses  only  the  various  steps  that
ertain  directly  to  scarf  osteotomy  without  internal  ﬁxa-
ion.  However,  the  sesamoid  suspensory  ligament  must  be
eleased  carefully,  phalangeal  osteotomy  may  be  required,
nd  capsule  tension  must  be  restored.
The  metatarsal  osteotomy  must  be  placed  with  great
ccuracy,  and  the  longitudinal  section  surface  must  be
erfectly  ﬂat  to  ensure  optimal  primary  stability  during
ranslation.  The  ﬁrst  cut  is  made  along  the  medial  aspect  of
he  metatarsal,  in  an  oblique  direction  from  the  upper  third
f  the  cephalic  region  towards  the  plantar  aspect  at  the
roximal  part  of  the  metatarsal.  Then,  the  saw  is  gradually
ilted  to  facilitate  engagement  of  the  largest  blade  surface
rea,  thereby  avoiding  wobbling  of  the  blade  (Fig.  1A).  The
egree  of  dorsoplantar  slope  is  chosen  to  obtain  the  desired
mount  of  lowering.  The  medial  longitudinal  cut  will  serve  as
y  the  plantar  translation  is  cut  off.  B.  The  fragment  is  preserved
ullarly  in  the  plantar  and  proximal  region.  E.  Visualisation  of
 ﬁxation.  F.  Visualisation  of  the  impacted  bone  fragment  (area
agment  stabilises  the  translation.
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Figure  6  Suture  travelling  through  a  transosseous  tunnel  and  lying  against  the  superior  part  of  the  osteotomy.  A.  Diagram  of  the
medial view.  B.  Intraoperative  medial  view.
Table  1  Outcomes  in  our  case  series  of  15  feet  (in  12  patients)  after  a  mean  follow-up  of  7.7  years.
Age  (years)
Mean  55
Sex
Male 2
Female 10
Radiographic  outcomes
Pre-operative  Post-operative  2004  Last  follow-up  2011
M1P1  Angle  (◦)
Mean  38.5  9.5  10.6
Minimum 34.0  2.0  2.0
Maximum 52.0  15.0  16.0
M1M2 Angle  (◦)
Mean  15.1  6.1  8.7
Minimum 13.0  5.0  7.0
Maximum 21.0  11.0  12.0
DMAA (◦)
Mean 15.4  5.4  5.4
Maximum 22.0  7.0  7.0
Minimum 11.0  1.0  1.0
AOFAS Score  (/100  patient)
Mean  51  91  84.8
Minimum 57  65  73.0
Maximum 49  95  95.0
Subjective patient  evaluation  (%)
Very  satisﬁed  54.5  58.3
Satisﬁed  45.5  41.7
Dissatisﬁed  0  0
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oM1P1 angle: angle of the ﬁrst metatarsophalangeal joint; M1M2 a
metatarsal articular angle.
 guide  for  cutting  the  opposite  cortex  of  the  ﬁrst  metatarsal
one  (Fig.  1B).  The  longitudinal  cut  must  be  at  least  2  cm
ong  to  eliminate  all  risk  of  secondary  displacement.  The
roximal  transverse  cut  is  then  performed,  at  an  angle  of
0◦ relative  to  the  longitudinal  cut  and  perpendicularly  to
he  axis  of  the  second  metatarsal  bone.  We  will  now  discuss
he  distal  cephalic  cut.
t
c: angle between the ﬁrst and second metatarsals; DMAA: distal
If the  distal  transverse  cut  is  perpendicular  to  the  axis  of
he  second  metatarsal,  pure  translation  is  achieved  and  sta-
ilisation  is  required,  either  via  a  screw  or  via  interlocking
f  the  two  fragments  after  a  secondary  cut,  which  shortens
he  ﬁrst  metatarsal  bone.
To  avoid  shortening  of  the  ﬁrst  metatarsal,  the  cephalic
ut  is  angled  at  60◦ relative  to  the  longitudinal  cut,  in  the
Scarf  osteotomy  without  internal  ﬁxation  to  correct  hallux  valgus  925
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fFigure  7  Example  of  correction  of  stage  3  hallux  valgus  by  ost
radiograph. B.  Anterior-posterior  radiograph  6  months  postoper
direction  of  the  distal  end  of  the  metatarsal  bone  (Fig.  2A).
The  result  is  temporary  lengthening  during  the  transla-
tion  (Fig.  2B).  Once  the  fragments  are  interlocked,  the
metatarsal  recovers  its  initial  length  (Fig.  2C).  The  proximal
cut  is  already  perpendicular  to  the  second  metatarsal  bone,
which  ensures  that  the  translation  is  perfectly  isometric.
At  the  cephalic  end,  and  depending  on  the  desired  extent
of  translation,  a  stepped  notch  of  variable  size  is  fashioned
(Fig.  3A).  The  size  of  the  notch  is  in  inverse  proportion  to
the  desired  range  of  translation.  An  osteotome  is  placed
in  the  osteotomy  and  the  periosteum  is  then  released,  as
well  as  a  few  ﬁbres  of  the  attachment  of  the  lateral  collat-
eral  ligament  of  the  metatarsophalangeal  joint,  which  often
prevents  or  limits  translation.  The  release  must  be  care-
fully  controlled,  to  avoid  injuring  the  intermetatarsal  blood
vessels.
The  lower  plantar  fragment  of  the  metatarsal  bone  can
then  be  readily  translated  until  the  stepped  notch  is  reached
(Fig.  3B).  The  metatarsophalangeal  joint  is  then  dorsiﬂexed
gradually  to  impact  the  fragments  in  their  cancellous  bone.
The  result  is  immediate  strong  stability,  which  must  not  be
modiﬁed  subsequently.  A  dovetail  notch  can  be  fashioned
in  the  proximal  part  of  the  plantar  fragment  (Fig.  4)  to
re-impact  the  proximal  and  plantar  part  of  the  osteotomy,
at  the  cost  of  a  slight  decrease  in  length.  This  method  is
chieﬂy  used  to  obtain  pure  translation  without  correction
of  the  distal  metatarsal  articular  angle  (DMAA).  When  the
DMAA  must  be  corrected,  a  shorter  osteotomy  with  a  greater
R
T
sy  without  internal  ﬁxation.  A.  Preoperative  anterior-posterior
ly.
otational  effect  is  made  and  the  proximal  part  of  the  cut  is
ot  impacted,  to  ensure  marked  proximal  translation.
After  the  translation  and  once  impaction  is  achieved  by
orsiﬂexion  of  the  metatarsophalangeal  joint,  a  secondary
ut  is  made  in  the  distal  and  superior  part  of  the  fragment
eft  uncovered  by  the  plantar  translation.  This  fragment  is
reserved,  turned  upside  down,  and  impacted  into  the  prox-
mal  plantar  medullary  canal,  thus  ensuring  perfect  stability
Fig.  5).
To  avoid  distal  disimpaction,  a  1.5-mm  drill  is  used  to
reate  a  tunnel  in  the  cephalic  region  for  passage  of  a
ransosseous  suture  resting  against  the  upper  part  of  the
steotomy  (Vicryl® 1.0  on  a  36-mm  semi-circular  needle)
Fig.  6).  An  oscillating  bone  saw  is  used  to  create  a  small
otch  3  mm  before  the  end  of  the  osteotomy  to  preclude  dis-
al  displacement  of  the  suture.  Tension  should  be  moderate,
o  avoid  cancellous  bone  damage  by  the  sutures.  Primary
tability  must  be  compatible  with  100◦ of  mobility  of  the
rst  metatarsophalangeal  joint,  to  optimise  the  likelihood
f  achieving  a  good  postoperative  range  of  motion.
The  postoperative  care  is  the  same  as  after  standard
echniques,  with  a  stiff  shoe  or  heel-weight-bearing  boot
or  3  to  4  weeks.esults
able  1  reports  the  outcomes  of  our  ﬁrst  continuous  series  of
carf  osteotomies  without  internal  ﬁxation.  Mean  follow-up
926  T.  Leemrijse  et  al.
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tigure  8  Example  of  hallux  valgus  correction  by  osteotomy  
raph. B.  Quality  of  osteotomy  site  remodelling  18  months  post
as  7.7  years.  Of  the  12  patients  (15  feet),  seven  (58.3%)
ere  very  satisﬁed  and  ﬁve  (41.7%)  were  satisﬁed  at  last
ollow-up.  The  mean  overall  postoperative  AOFAS  score  was
4.8  (range:  73—95).  Reoperation  was  required  for  two  feet.
n  one  case,  iatrogenic  hallux  varus  required  revision  with
onstruction  of  an  abutment  and  reverse  transfer  of  the
bductor  hallucis  tendon;  [4]  the  postoperative  AOFAS  score
as  73.  In  the  other  case,  revision  was  required  because  of
econdary  displacement  of  the  scarf  montage  after  4  weeks.
late-screw  ﬁxation  was  used.  The  ﬁnal  AOFAS  score  was  80.
At  present,  90%  of  the  scarf  procedures  performed  at  our
nstitution  are  done  without  internal  ﬁxation.  Internal  ﬁxa-
ion  is  reserved  for  the  few  cases  with  limited  metatarsus
arus.
iscussion
odern  foot  surgery  must  allow  rapid  functional  recovery,
hich  requires  strong  primary  stability  of  the  osteotomy.
n  our  opinion,  a  versatile  and  reliable  technique  with
 potential  for  three-dimensional  correction  that  can  be
dapted  to  moderate-to-severe  hallux  valgus  is  crucial.
hevron  osteotomies,  basal  osteotomies,  and  Lapidus-type
rthrodesis  are  associated  with  inadequate  outcomes  and
omplications  [5].  Efforts  made  to  improve  surgical  tech-
iques  led  to  the  development  of  scarf  osteotomy,  which
p
c
o
eut  internal  ﬁxation.  A.  Preoperative  anterior-posterior  radio-
atively.
llows  a  wide  range  of  translation  and  can  be  adapted  to  also
llow  rotation  and  supination.  Scarf  osteotomy  is  a  complex
nd  technically  challenging  procedure  whose  considerable
otential  lies  in  its  ability  to  provide  three-dimensional  cor-
ection  [1].  The  main  correction  is  achieved  via  translation,
 fact  that  is  insufﬁciently  highlighted  or  even  ignored  [6,7].
The  interlocking  effect  introduced  by  Maestro  as  a
orrective  technique  allows  preservation  of  the  lateral  col-
ateral  ligament,  thereby  allowing  shortening  in  patients
ith  global  forefoot  alignment  disorders.  The  interlock-
ng  effect  both  improves  stability  and  increases  range  of
otion.  This  variant  was  chieﬂy  considered  in  combination
ith  surgical  shortening  of  the  lateral  metatarsal  bones  or
n  patients  with  limited  hallux  valgus  mobility.
A  diverging  cut  that  is  perpendicular  to  the  axis  of  the
econd  metatarsal  proximally  and  directed  towards  the  dis-
al  part  of  the  metatarsal,  followed  by  re-impaction,  avoids
hortening  while  also  obviating  the  need  for  internal  ﬁxa-
ion.
Criticism  of  the  diaphyseal  overlap  (shingle  effect)  stems
rom  a  technical  ﬂaw  related  to  poor  comprehension  of  the
steotomy  method  [8].  The  distal  end  of  the  cut  must  extend
o  the  cephalic  part  of  the  metatarsal.  This  crucial  technical
oint  avoids  translation  into  a  diaphyseal  zone  lacking  in
ancellous  bone.  In  addition,  the  metaphyseal-cephalic  part
f  the  metatarsal  is  wider,  which  allows  a wide  range  (or
ven  ‘‘extreme’’)  translation  (Fig.  7).
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The  scarf  osteotomy  without  internal  ﬁxation  is  a
diaphyseal-metaphyseal  osteotomy  with  an  oblique  lon-
gitudinal  cut  that  allows  a  very  wide  range  of  lateral
translation  without  limitations  related  to  screw  placement.
The  wide  range  of  translation  ensures  better  correction  of
the  metatarsus  varus  in  feet  with  moderate-to-severe  hallux
valgus.  It  also  allows  sufﬁcient  medial  rotation  to  correct  the
DMAA  if  needed,  thereby  ensuring  long-term  maintenance
of  the  correction,  provided  adequate  metatarsophalangeal
congruence  is  preserved.  Another  advantage  is  elimination
of  the  many  complications  related  to  internal  ﬁxation  in
osteoporotic  bone.
There  is  no  need  to  remove  the  internal  ﬁxation  mate-
rial,  a  step  that  has  a  negative  impact  on  the  surgery.  The
revision  procedure  is  often  difﬁcult  to  accept  by  the  patient,
can  result  in  iatrogenic  injury,  and  carries  a  risk  of  motion
range  limitation.  Furthermore,  the  second  hospital  stay  and
the  additional  time  on  sick  leave  if  the  patient  is  still  work-
ing  entail  substantial  costs  in  countries  with  public  health
insurance  and  worker’s  compensation  programs  [6,9—11].
Finally,  when  no  internal  ﬁxation  is  used,  high-quality
remodelling  occurs  at  the  osteotomy  site,  without  stress
shielding  (Fig.  8).
The  learning  curve  for  scarf  osteotomy  is  long.  Strict
compliance  with  the  various  technical  devices  is  crucial
when  performing  this  economical,  reliable  and  physiological
procedure.
Conclusion
Scarf  osteotomy  without  internal  ﬁxation  allows  the  correc-
tion  of  moderate-to-severe  deformities.  The  principles  of
the  technique  must  be  followed  scrupulously.  The  distal  cuts
must  diverge  to  avoid  excessive  or  inappropriate  shortening
of  the  ﬁrst  metatarsal  bone.  The  absence  of  screws  allows
a  wider  range  of  lateral  translation  and,  therefore,  the
reduction  of  marked  preoperative  metatarsus  varus.  Finally,
stability  is  ensured  by  distal  interlocking  and,  if  needed,
proximal  impaction.
[s  927
isclosure of interest
he  authors  declare  that  they  have  no  conﬂicts  of  interest
oncerning  this  article.
eferences
[1] Besse JL, Maestro M. Ostéotomie de Scarf du 1er métatarsien.
Rev Chir Orthop 2007;93:515—23 [In French].
[2] Mortier JP, Delagoutte JP. Les ostéotomies basales
dans le traitement de l’hallux valgus. Rev Chir Orthop
2003;89(Suppl.):102 [In French].
[3] Weil LS, Borelli AN. Modiﬁed scarf bunionectomy, our
experience in more than 1000 cases. J Foot Ankle Surg
1991;30:609—22.
[4] Leemrijse T, Hoang B, Maldague P, Docquier PL, Devos Bever-
nage B. A new surgical procedure for iatrogenic hallux varus:
reverse transfer of the abductor hallucis tendon: a report of 7
cases. Acta Orthop Belg 2008;74:227—34.
[5] Trnka HJ, Muhlbauer M, Zembsch A, Hungerford M, Ritschl
P, Salzer M. Basal closing wedge osteotomy for correction of
hallux valgus and metatarsus primus varus: 10- to 22-year
follow-up. Foot Ankle Int 1999;20:171—7.
[6] Kilmartin TE, O’Kane C. Combined rotation scarf and Akin
osteotomies for hallux valgus: a patient focussed 9 year follow
up of 50 patients. J Foot Ankle Res 2010;3:2.
[7] O’Kane C, Kilmartin TE. The rotation Scarf and Akin
osteotomy for the correction of severe hallux valgus. Foot
2002;12:203—12.
[8] Coetzee JC. Scarf osteotomy for hallux valgus repair: the dark
side. Foot Ankle Int 2003;24:29—33.
[9] Hammel E, Abi Chala ML, Wagner T. Complications of ﬁrst
ray osteotomies: a consecutive series of 475 feet with ﬁrst
metatarsal Scarf osteotomy and ﬁrst phalanx osteotomy. Rev
Chir Orthop Reparatrice Appar Mot 2007;93:710—9 [In French].
10] Hetherington VJ, Shields SL, Wilhelm KR, Laporta DM, Nicklas
BJ. Absorbable ﬁxation of ﬁrst ray osteotomies. Foot Ankle Surg
1994;33:290—4.11] Leemrijse T, Valtin B, Besse JL. Hallux valgus surgery in 2005.
Conventional, mini-invasive or percutaneous surgery? Uni- or
bilateral? Hospitalisation or one-day surgery? Rev Chir Orthop
Reparatrice Appar Mot 2008;94:11—27 [In French].
